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Description
Background

[0001] The present invention relates to light emitting
diodes and in particular relates to packaged light emitting
diodes that emit white light.

[0002] Light emitting diodes (LEDs) are a class of pho-
tonic semiconductor devices that convert an applied volt-
age into light by encouraging electron-hole recombina-
tion events in an appropriate semiconductor material. In
turn, some or all of the energy released in the recombi-
nation event produces a photon.

[0003] Light emitting diodes share a number of the fa-
vorable characteristics of other semiconductor devices.
These include generally robust physical characteristics,
long lifetime, high reliability, and, depending upon the
particular materials, low cost.

[0004] Anumberofterms are used hereinthatare com-
mon and well-understood in the industry. In such industry
use, however, these terms are sometimes informally
blended in their meaning. Accordingly, these terms will
be used as precisely as possible herein, butin every case
their meaning will be clear in context.

[0005] Accordingly, the term "diode" or "chip" typically
refers to the structure that minimally includes two semi-
conductor portions of opposite conductivity types (p and
n) along with some form of ohmic contacts to permit cur-
rent to be applied across the resulting p-n junction.
[0006] The term "lamp" is used to designate a light
emitting diode that is matched with an appropriate elec-
trical contact and potentially a lens to form a discrete
device that can be added to or included in electrical cir-
cuits or lighting fixtures or both.

[0007] Asused herein, the term "package" typically re-
fers to the placement of the semiconductor chip on an
appropriate physical and electrical structure (sometimes
as simple as a small piece of metal through which the
electrical currentis applied) along with a plastic lens (res-
in, epoxy, encapsulant) that provides some physical pro-
tection to the diode and can optically direct the light out-
put. In the present context, the package includes a re-
flective structure, frequently formed of a polymer with in
which the diode rests. Adding a lens and electrical con-
tacts typically forms a lamp.

[0008] Appropriate references about the structure and
operation of light emitting diodes and diode lamps include
Sze, PHYSICS OF SEMICONDUCTOR DEVICES, 2d
Edition (1981) and Schubert, LIGHT-EMITTING DI-
ODES, Cambridge University Press (2003)

[0009] The color emitted by an LED is largely defined
by the material from which it is formed. Diodes formed
of gallium arsenide (GaAs) and gallium phosphide (GaP)
tend to emit photons in the lower energy (red and yellow)
portions of the visible spectrum. Materials such as silicon
carbide (SiC) and the Group Ill nitrides have larger band-
gaps and thus can generate photons with greater energy
that appear in the green, blue and violet portions of the
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visible spectrum as well as in the ultraviolet portions of
the electromagnetic spectrum.

[0010] In some applications, an LED is more useful
when its output is moderated or converted to a different
color. In particular, as the availability of blue-emitting
LEDs has greatly increased, the use of yellow-emitting
phosphors that down-convert the blue photons has like-
wise increased. Specifically, the combination of the blue
light emitted by the diode and the yellow light emitted by
the phosphor can create white light. In turn, the availa-
bility of white light from solid-state sources provides the
capability to incorporate them in a number of applica-
tions, particularly including illumination and as lighting
(frequently backlighting) for color displays. In such de-
vices (e.g., flat computer screens, personal digital assist-
ants, and cell phones), the blue LED and yellow phosphor
produce white light which is then distributed in some fash-
ion to illuminate the color pixels. Such color pixels are
often formed by a combination of liquid crystals color fil-
ters and polarizers, and the entire unitincluding the back-
lighting is generally referred to as a liquid crystal display.
("Lcb").

[0011] Inthe present application, the term "white light"
is used in a general sense. Those familiar with the gen-
eration of colors and of color perception by the human
eye will recognize that particular blends of frequencies
can be defined as "white" for precise purposes. Although
some of the diodes described herein can produce such
precise output, the term "white" is used somewhat more
broadly herein and includes light that different individuals
or detectors would perceive as having a slight tint toward,
for example, yellow or blue.

[0012] As noted above with respect to displays, light
emitting diodes are increasingly being used for illumina-
tion purposes. In this regards, "indication" refers to a light
source that is viewed directly as a self-luminous object
(e.g. anindicator light on a piece of electronic equipment)
while "illumination" refers to a source used to view other
objects in the light reflected by those objects (e.g., room
lighting or desk lamps). See, National Lighting Product
Information Program, http://www.Irc.rpi.edu/pro-
grams/NLPIP/glossary.asp (December 2006).

[0013] lllumination, however, tends to require higher
quantities of light output than does indication. In this re-
gard, the number of individual photons produced by a
diode in any given amount of time depends upon the
number of recombination events being generated in the
diode, with the number of photons generally being less
than the number of recombination events (i.e., not every
event produces a photon). In turn, the number of recom-
bination events depends upon the amount of current ap-
plied across the diode. Once again the number of recom-
bination events will typically be less than the number of
electrons injected across the junction. Thus, these elec-
tronic properties can reduce the external output of the
diode.

[0014] Additionally, when photons are produced, they
must also actually leave the diode and the lamp to be
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perceived by an observer. Although the majority of pho-
tons will leave the lamp without difficulty, a number of
well-understood factors come into play that prevent the
photons from leaving and that can thus reduce the ex-
ternal output of an LED lamp (i.e., its efficiency). These
include internal reflection of a photon until it is re-ab-
sorbed rather than emitted. The difference in the index
of refraction between the materials in the diode can also
change the direction of an emitted photon towards an
object that subsequently absorbs it. The same results
can occur for yellow photons that are emitted by the phos-
phor in a phosphor-containing LED lamp. Inan LED lamp
such "objects" can include the substrate, parts of the
packaging, the metal contact layers, and any other ma-
terial or element that prevents the photon from escaping
the lamp.

[0015] As noted above, white light LEDs are increas-
ingly being used to light displays for electronic devices.
In many of these applications, the LEDs are mounted
perpendicular to the face of the relevant screen. In this
orientation, and instead of being directed at the rear of
the screenitself, the LEDs are directed towards the edges
of a light guide-often a planar piece of plastic-so that
when the light from the LEDs enters the edge of the light
guide, the light guide both diffuses the light and redirects
some of it perpendicularly towards the plane of the dis-
play screen.

[0016] Lightemitting diodes packaged for this purpose
are referred to as side view surface mount LEDs or
"sidelookers." The conventional package for a side-view
(sidelooker) diode lamp is molded out of a white plastic
resin in a shape that forms a cavity around a metal strip
(which forms the lead frame for a diode mounted in the
package). The cavity generally defines sidewall angles
between the respective sides. In the most common pack-
ages, the sidewall angles are near-perpendicular to the
surface (floor) upon which the chip is mounted. KR
10-2006-0008827 discloses a side emitting diode lamp.
The lamp includes a pair of lead frames. The package
covers the lead frames and has a recess forming a re-
flector. The total intensity of radiation is improved by min-
imizing the height of the side walls of the recess and the
formation of dark spots is minimized by increasing the
light emission angle when the side emitting diode pack-
age is mounted at a backlight of an LCD. The height of
the side walls range from 0.25 mm to 0.35 mm. Inner
surfaces of the side walls opposite in the major axis di-
rection form an angle of 71 to 82 degrees with the top
side of the lead frames. Inner surfaces of the side walls
opposite in the minor axis direction form a tilt angle with
the top side of the lead frame at 78 to 82 degrees.
[0017] Although display lighting represents a frequent
use of sidelooker LEDs, sidelooker applications are not
limited to displays or horizontal orientations. Similarly,
although many displays are back-lit, the invention is use-
ful with other lighting geometries or arrangements as
well.

[0018] Itis commonly assumed that white plastic ma-
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terial is atrue Lambertian (diffuse) reflector;i.e. it scatters
light equally in all 2= steradians. Accordingly, conven-
tional packages tend to maximize the size of the package
floor (the back inside surface of the cavity in the package)
in order to make it easier to position the LED chip in the
package (i.e., more room). To the extent that any such
assumptions are inaccurate, however, the effective out-
put of the LED lamp will suffer accordingly.

[0019] In this regard, a specular surface is one that is
mirror-like, while a Lambertian surface is one that follows
Lambert’s cosine law and thus demonstrates the same
luminance regardless of the viewing angle. It will thus be
understood (as is understood by those of ordinary skill
in this art) that any given surface is usually somewhere
on a continuum from perfectly specular to perfectly Lam-
bertian.

[0020] In short summary, a number of factors can re-
duce the external light output of an LED lamp. Accord-
ingly, a need exists for continued improvementinincreas-
ing the external output of such LED lamps.

Summary

[0021] The invention is defined by independent claim
1. Embodiments of the invention are set out in the de-
pendent claims.

[0022] In one aspect, the invention is a light emitting
diode lamp comprising a resin package that defines a
recess in the shape of a solid polygon, with the recess
comprising a floor, side walls along the respective longer
sides of the floor, and end walls along the respective
shorter sides of the floor. The recess has a geometry
selected from the group consisting of (i) the side walls
defining an angle therebetween greater than 3°, (ii) the
end walls defining an angle therebetween greater than
40°, and (iii) combinations thereof. A light emitting diode
chip is on the floor of the package.

[0023] In another aspect, the invention is a light emit-
ting diode lamp comprising a resin package that defines
arecess in the shape of a solid polygon, with the recess
comprising a rectangular floor, at least two sidewalls
along the respective longer sides of the rectangular floor,
and two end the walls along the respective shorter sides
of therectangularfloor. The two sidewalls define an angle
greater than three degrees (3°), and the two end walls
define an angle greater than 40°. A light emitting diode
chip is positioned on the rectangular floor of the package.
[0024] In another aspect, the invention is a light emit-
ting diode lamp comprising a resin package with an as-
pect ratio greater than 1:1 that defines a recess in the
shape of a three dimensional solid, the recess comprising
a floor with an aspect ratio greater than 1:1, curved side
walls along the respective longer sides of the floor, and
curved end walls along the respective shorter sides of
the floor. The package defines a first plane bisecting the
package along its long axis and a second plane bisecting
said package along its narrow axis. The recess has a
geometry selected from the group consisting of (i) the
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side walls defining an angle therebetween and along the
second plane greater than 3°, (ii) the end walls defining
an angle therebetween and along the first plane greater
than 40°, and (iii) combinations thereof. A light emitting
diode chip is on the floor of said package.

[0025] In another aspect, the invention is a reflective
structure for diode lamps. In this aspect, the invention is
a package having at least one face that is substantially
rectangular, a package defining a recess in the form of
a solid polygon having a floor parallel to the rectangular
face, two sidewalls along the respective longer edges of
the rectangular face, two end walls along the respective
shorter edges of the rectangular face, and a surface co-
planer with the rectangular face. The sidewalls define an
angle that is greater than 3°, or the end walls define an
angle that is greater than 40°, or both. The floor of the
reflective structure includes electrical contacts.

[0026] In yet another aspect, the invention is a method
of backlighting a display. In this aspect the invention in-
cludes the steps of directing the light from a light emitting
diode against two package walls that are separated by
at least the dimensions of the diode and which walls form
an angle between themselves of at least 3°, while con-
currently directing the light from the light emitting diode
against two other package walls that are separated by
at least the dimensions of the diode and which walls form
an angle between themselves that is greater than 40°,
and while directing the light from the four package walls
to alight distributor that provides a backlight for a display.
[0027] The foregoing and other objects and advantag-
es of the invention and the manner in which the same
are accomplished will become clearer based on the fol-
lowed detailed description taken in conjunction with the
accompanying drawings.

Brief Description of the Drawings:

[0028]

Figure 1 is a top plan view of a diode package ex-
emplary of the prior art.

Figure 2 is a cross-sectional view taken along lines
2-2 of Figure 1.

Figure 3 is a cross-sectional view taken along lines
3-3 of Figure 1.

Figures 4,5 and 6 are respective cross-sectional and
top plan views of a package according to the inven-
tion taken in the same relationship to one another
as Figures 1, 2 and 3.

Figure 7 is another cross-sectional view of a diode
lamp according to the present invention.

Figures 8-14 are respective top plan views of partic-
ular embodiments of packages according to the
present invention.

Figure 15 is a schematic perspective diagram of a
display incorporating diodes according to the
present invention.
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Detailed Description

[0029] In contrast to conventional thinking, it has now
been discovered that typical plastic packages for light
emitting diodes are non-Lambertian, i.e., a noticeable
specular component exists and should be considered for
package reflector design. Additionally, it has been found
that rotating the approximately 2= steradian reflection
more towards the outside of the package increases the
overall output; and that opening (i.e., increasing) the an-
gles of the corners of the cavity tends to reduce the
number of multiple reflections before light escapes.
[0030] A number of aspects of the invention can be
understood in comparison to the prior art. Accordingly,
Figures 1, 2 and 3 illustrates typical conventional pack-
ages. These figures are simplified somewhat from the
appearance of commercial packages in order to focus
upon the aspects most relevant to the art and to the in-
vention. Representative fixtures are, however, widely
available commercially and frequently addressed in the
prior art, including prior patents and published applica-
tions. Accordingly, those of ordinary skill in this art will
recognize the relevant aspects without undue experi-
mentation or explanation.

[0031] Figure 1 illustrates a generally rectangular
package broadly designated at 10. Figure 1 is a top plan
view and shows the light emitting diode chip 11 on the
floor 12 of a recess broadly designated at 13. The recess
13 is defined by the floor 12, the respective sidewalls 14
and 15, the respective end walls 16 and 17, and a surface
in space coplanar with the front surface 20 of the package
10. As Figure 1 illustrates, the conventional design pro-
vides a relatively large floor 12 in comparison to the area
covered by the chip 11 which, given the relatively small
size of some of these devices makes it somewhat easier
during fabrication steps to position the LED chip 11 on
the floor 12.

[0032] The orientation of the package and its recess
will be clear in context. As a colloquial note, however,
the specification and claims refer to the rear portion of
the package upon which the LED rests as the "floor." It
will be understood that some users will refer to this same
surface as the "inside back surface" of the package. Sim-
ilarly, the specification and claims use the term "side" to
describe those walls perpendicular to the floor. In some
colloquial use, these are sometimes referred to as the
"top" and "bottom" of the package, because when the
lamp is mounted in the sidelooker orientation, these walls
are positioned above and below the LED chip. For the
sake of clarity, electrical contacts to the outside of the
packages are not illustrated in Figures 4-6.

[0033] As will be illustrated in Figures 8-14, some ex-
emplary packages according to the invention are not nec-
essarily rectangular in a proper geometric sense. They
are, however, generally rectangular in that they have
length and width dimensions that are obviously different
from one another. In order to describe these shapes with-
out misusing the term "rectangular," the packages can
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be described as having an aspect ratio greater than 1:1
and in many cases greater than 5:1. In exemplary em-
bodiments, the aspect ratio is between about 3:1and 7:1.
As used herein, the term "aspect ratio" refers to the ratio
of the longer overall dimension to the narrower overall
dimension.

[0034] Figures 2 and 3 schematically illustrate conven-
tionally inclined package walls 16 and 17 adjacent the
floor 12. It will also be understood that in many circum-
stances the lamp 10 will include a lens formed of a clear
resin that fills (or partially fills) the recess 13. This aspect
is shown with respect to Figure 7, but has been omitted
from Figures 1-3 for purposes of clarity.

[0035] It will be further understood that some prior art
packages are generally, rather than precisely, rectangu-
lar in the manner just described.

[0036] In general, conventional packages have an an-
gle between the respective walls 16 and 17 of less than
about 40°, meaning that the angle theta () in Figure 2
between the sidewalls 17 and a line P perpendicular to
the floor 12 will typically be less than about 20°.

[0037] It will be understood, however, that in order to
accommodate a wire bond or other features, the side
walls orend walls, although adhering to the overall angles
described herein, are not necessarily identical on each
side. For example, a 40° angle between walls can be
formed by one wall being 23° from the perpendicular line
P and the other wall being 17° degrees from the perpen-
dicular line P. The steeper wall gives more room for the
wire bond.

[0038] Similarly, Figure 3 illustrates in exaggerated
fashion that the angle between the side walls 14 and 15
is typically no more than about 2°, meaning that the angle
phi (o) between sidewalls 15 and a line perpendicular to
the floor 12 is no more than about 1°.

[0039] As noted above and in the Background, con-
ventional design assumes that the package is Lamber-
tianin character and thus equally reflective; that the angle
at which the walls are inclined does not generally matter
and that maximizing the size of the floor 12 is advanta-
geous for fabrication purposes.

[0040] Although the inventors do not wish to be bound
by any particular theory, it appears that the larger angles
described herein tend to favor Lambertian emitters such
as the EZBRIGHT™ diodes from Cree, Inc. referred to
elsewhere herein. Similarly, the intermediate angles tend
to favor the less or non- Lambertian emitters. According-
ly, the invention provides a package in which the angle
between the relevant walls complements the emission
field profile of the chip to produce greater light output
than would otherwise be the case.

[0041] These benefits have not previously been ob-
served because most conventional designs were origi-
nally for non-Lambertian emitters and the larger angles
offer some, but less noticeable, improvement for such
non-Lambertian emitters. As a second reason, conven-
tional thinking tends to optimize the floor space to make
placement and bonding of the chip easier.
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[0042] Intheinvention, however, thetighteranglesand
smaller floor space can actually improve manufacturing
accuracy because the die bonding tends to become self-
aligning. As the chip is put into the package, it tends to
properly align itself against the side walls as it is pushed
down into the package during the bonding step.

[0043] Figures 4, 5 and 6 illustrate aspects of a light
emitting diode lamp according to the invention. In this
aspect, the diode lamp includes a resin package broadly
designated at 22. The package 22 defines a recess
broadly designated at 23 in the shape of a solid polygon.
The recess 23 includes a rectangular floor 24, two side-
walls 25 and 26 along the respective longer sides of the
rectangular floor 24 and two end walls 27 and 30 along
the respective shorter sides of the rectangular floor 24.
The face of the package 31 defines the final side of the
polygon recess 23.

[0044] The two sidewalls 25, 26 define an angle ther-
ebetween greater than 3°. This is illustrated in Figure 5
in which the angle phi would represent half of the total
angle between the walls 25 and 26 because phi as illus-
trated is the angle between one of the walls (26) and a
line P perpendicular to the floor 12. In other words, in the
invention the angle phi is least 1.5°.

[0045] As noted above, however, the invention is not
limited to symmetric end walls or side walls. Thus, the
angle between the side walls can be more than 3° even
if the orientation of the side walls with respect to the floor
is not symmetric.

[0046] It will be understood that the geometry of the
respective angles can be described in a number of ways
using ordinary and well-understood definitions. Thus, if
the angle phi between the wall 26 and the perpendicular
line is at least 1.5°, then the obtuse angle between the
floor 12 and the wall 26 will be atleast 91.5°. Accordingly,
the acute angle between the wall 26 and the floor 24 will
not exceed 88.5°. All of these describe the same rela-
tionship, depending upon the lines used to define them.
In other embodiments, if the angle between the end walls
is relatively large, the angle between the side walls can
be somewhat smaller.

[0047] Figure 4 shows that the two end walls 27 and
30 define an angle between them of more than 40°,
meaning that in Figure 4 the angle theta between the wall
27 and the perpendicular line will be at least 20°. As with
the side walls, the end walls can be asymmetric and still
define an angle greater than 40° between them.

[0048] The lamp structure includes the light emitting
diode chip again numbered at 11 on the floor 24 of the
package 22. In exemplary embodiments, the diode is in
the "flip chip" orientation and potentially includes a re-
flecting layer or a reflective substrate. The EZBRIGHT™
diodes available from Cree, Inc., Durham, NC, the as-
signee of the present invention are exemplary and in-
clude the flip chip orientation with the reflector and a sil-
icon support substrate.

[0049] Figure 7 illustrates some additional features in
a lamp of this type. Where appropriate, like elements in
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Figure 7 carry the same reference numerals as in the
previous drawings. In particular, Figure 7 illustrates a
lamp broadly designated at 32 in which the package
broadly designated again at 22 also includes respective
electrical contacts 33 and 34 between the rectangular
floor 24 and at least one of the outside surfaces of the
package 22. The diode 11 rests upon the contact 34 (and
is typically fixed to it with an adhesive such as silicone,
silver epoxy, or solder) and a wire 37 connects the diode
11 to the other contact 33. As is well understood in the
art, these contacts as well as other related elements such
as bond pads and solders (not shown) can take the form
of multiple layers or combinations of metals and alloys.
[0050] The lamp 32 further comprises a resin encap-
sulant 35 in at least portions of the recess formed by the
walls 25, 26, 27, 30.

[0051] Because one of the useful applications of the
lamp of the invention is to provide white light, the encap-
sulant 35 is selected from a material that is stable in the
presence of the blue light typically emitted by the diode
chip 11. Thus, the encapsulant can be any material that
is suitable for the purposes of the invention and that does
not otherwise interfere with the operation of the LED chip
or the other elements of the lamp. As set forth in co-
pending and commonly assigned application Serial No.
60/824,385 filed September 1, 2006 for , "Phosphor Po-
sition In Light Emitting Diodes," when the LED chip emits
in the higher energy portions of the spectrum (e.g., blue,
violet, and ultraviolet), the encapsulant should be less
reactive or inert to the photons emitted at such frequen-
cies. Thus, the polysiloxane ("silicone") resins tend to be
particularly well suited for the encapsulant. In general,
the term polysiloxane refers to any polymer constructed
on a backbone of -(-Si-O-)n-(typically with organic side
groups). The term "resin" is used in a broad sense to
refer to any polymer, copolymer or composite from which
the package can be formed. These materials are gener-
ally well understood by those of ordinary skill in the art
and need not be discussed in detail.

[0052] Figure 7 also illustrates thatin order to use blue
light from the diode chip 11 to produce white light, the
lamp 32 typically includes a phosphor 36 in the encap-
sulant 35. Figure 7 shows the phosphor 36 schematically
distributed in the form of an ellipse, but it will be under-
stood that the phosphor can be distributed in a number
of different orientations in order to enhance light output.
Some of these are set forth in co-pending and commonly
assigned U.S. pending applications Nos. 60/745,478
filed April 26, 2006 for, "Side View Surface Mount White
LED," and 60/824,385 filed September 1, 2006 for,
"Phosphor Position in Light Emitting Diodes".

[0053] Additionally, although Figure 7 illustrates the
encapsulant 35 as forming a somewhat convex lens, the
shape of the lens can take other forms some of which
are set forth in commonly assigned and co-pending ap-
plication No. 60/824,390 filed September 1, 2006 for,
"Encapsulant Profile for Light Emitting Diodes".

[0054] As set forth in the Background, in order to pro-
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duce white light from the blue emission of the LED chip
11, the phosphor is selected to emit predominately in the
yellow portion of the visible spectrum in response to blue
light. The relevant phosphors are relatively broad emit-
ters (i.e., a range of colors), but those used most fre-
quently in the context of white-emitting lamps have a
strong yellow component. An exemplary phosphor is ce-
sium-doped yttrium aluminum garnet ("YAG") which is
generally well understood and widely available.

[0055] Similarly,inorderto produce light within the blue
portion of the visible spectrum, the light emitting diode
11 typically includes an active portion formed from a wide
bandgap material such as a Group Il nitride or silicon
carbide (SiC). Group lll nitrides are generally preferred
for this purpose because their direct bandgap produces
efficient radiative recombinations. The nature of Group
Il nitrides and their use in light emitting diodes is gener-
ally well understood in the art and with respect to the
presentinvention, can be practiced without undue exper-
imentation. Section 8.4 of Shubert, supra is one exem-
plary source of information, and numerous patents and
published applications likewise cover this subject in de-
tail.

[0056] The package 22 is typically formed of a resin
thatis white in color or that includes a white pigment such
as titanium dioxide (TiO,) or barium sulfate (BaSO,). Be-
cause the light emitting diode 11 will generate both heat
and light, the resin should be stable in the presence of
both for an acceptable lifetime. Accordingly, robust pol-
ymers such as the polyamides or reinforced polyamides
(e.g. with glass or ceramic) are useful for this purpose.
Representative resins include the Amodel® glass rein-
forced polyphthalamide ("PPA") resins from Solvay Ad-
vanced Polymers of Alpharetta Georgia and the Genes-
tar™ nonanediamine polyamide resins available from
Kuraray Co., Ltd., Tokyo, Japan. It will be understood
that these are exemplary rather than limiting, and that
other resins are appropriate provided they offer the de-
sired reflective properties, appropriate physical strength,
the capability of being molded (or otherwise formed) rel-
atively easy during fabrication steps, and the required
resistance to the heat and light produced by typical blue-
emitting LEDs.

[0057] In another aspect, the invention is a method of
backlighting a display. In this aspect, the method com-
prises directing the light from the light emitting diode 12
against two package walls 25 and 26 that are separated
by at least the dimensions of the diode 11 and which
walls form an angle between themselves of at least 3°
while concurrently directing the light from the light emit-
ting diode 11 against two other package walls 27 and 30
that are separated by at least the dimensions of the diode
and which walls form an angle between themselves of
at least 40°, and while directing the light from the four
package walls 25, 26, 27 and 30 to a light distributor that
provides a backlight for display. In particular, the method
comprises directing the light from the package walls to
at least one edge of a substantially planar light distributor
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to thereby illuminate the distributor from the light emitting
diode.

[0058] Furtherto this aspect, the method can comprise
manipulating a liquid crystal display adjacent the light
distributor while directing light from the light emitting di-
ode to the distributor.

[0059] In other embodiments, the side walls 25, 26 de-
fine an angle greater than 10°, or greater than 20°, or at
least 30°.

[0060] In other embodiments the end walls 27, 30 can
define an angle of at least 60°, or at least 70°, or at least
80°.

[0061] Although Figure 7 illustrates the phosphor 36
as being dispersed in the polymer lens above the diode
11, it will be understood that the placement of the phos-
phor is not limited to these positions. The phosphor can
be placed in some circumstances directly on the chip 11,
or at the border (inside surface) of the lens, or in any
other position or pattern that serves the intended pur-
pose. Stated differently, the reflective mounting substrate
offers its advantages in combination with a wide possi-
bility of placements of the phosphor 36.

[0062] Figures 8through 13 are top plan views of pack-
ages according to the present invention. These are gen-
erated in machine drawing style and thus the diagonal
lines areindicative of curved surfaces rather than multiple
flat surfaces. As an introduction, Figure 8 will be labeled
in greater detail and the elements of Figures 9-13 will be
the same, but labeled in less detail.

[0063] Figure 8 accordingly illustrates a resin package
broadly designated at 40 that defines a recess broadly
designated at 41 in the shape of a three-dimensional sol-
id. The recess 41 includes the floor 42, the sidewalls 43
and 44 along the respective longer sides of the floor
(which is generally, but not exactly, rectangular) and re-
spective curved end walls 45 and 46 along the respective
shorter sides of the floor 42.

[0064] The recess 41 has a geometry selected from
the group consisting of sidewalls 43 and 44 defining an
angle therebetween greater than 3°, or a geometry with
the end walls 45 and 46 defining an angle therebetween
greater than 40°, or, a combination of both of those fea-
tures; i.e. the sidewalls 43, 44 defining an angle greater
than 3°and the end walls 45, 46 defining an angle greater
than 40°. A light emitting diode chip is on the floor 42 of
the package 40 and is designated at 47.

[0065] Asinsome ofthe otherillustrated embodiments,
the active portion of the light emitting diode 47 is formed
from the Group llI nitride material system and the pack-
age 40 will include electrical contacts (not shown in Fig-
ure 8) between the floor 42 and at least one of the outside
surfaces of the package 40.

[0066] In a strict geometric definition, a polygon is a
figure with a plurality of sides that are line segments.
Accordingly, because the end walls 45, 46 and the side
walls 43, 44 of the packages (e.g., 40) in Figures 8
through 13 are curved, the phrase "solid polygon" is tech-
nically inappropriate for the recess 41. Accordingly, the
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recess 41 isbetter described as a three-dimensional solid
with an aspect ratio greater than 1:1. As used herein,
"aspect ratio" refers to the ratio of the longer dimension
of the package to the shorter dimension of the package.
Thus, in the terminology used herein, the end walls 45,
46 are along the shorter dimension of the package and
the side walls 43,44 are along the longer dimension.
[0067] Similarly, because the three-dimensional solid
shape of the recess 41 does not necessarily fall into the
category of regular curved shapes (e.g., circle, ellipse,
parabola, etc.), the portions of the curved side walls 43,
44 and end walls 45, 46 that meet the angles set forth
herein are defined by planes normal to the surface of the
chip 47 in the package (e.g. 40).

[0068] Figure 14 illustrates this geometry by reproduc-
ing Figure 8, but while also superimposing the dotted
lines 56 and 57 for purposes of illustrating the geometry
of the angles in circumstances where the walls 43, 44,
45 and 46 are curved or include curved portions. In such
circumstances, the horizontal line 57 represents the pro-
jection of a first plane bisecting the package 40 along its
long axis and the vertical line 56 represents the projection
of a second plane bisecting the package 40 along its
narrow axis. In such packages, the angles between the
end walls 45 and 46 are taken along the bisecting plane
57 and the angles between the side walls 43 and 44 are
taken along the bisecting plane 56. This description is
likewise appropriate for curved walls that are regular.
[0069] Although notillustrated in Figures 8-13, the em-
bodiment can likewise include the resin encapsulant in
at least portions of the recess 41 along with a phosphor
in the encapsulant that emits light in the yellow portion
of the visible spectrum in response to the blue light gen-
erated by the Group Il nitride diode. Once again, an ex-
emplary phosphor is cesium doped YAG and the pack-
age resin is typically polyamide.

[0070] In comparison to more conventional packages,
the side walls 43, 44 and the end walls 45, 46 of the
embodiment illustrated in Figure 8 are thicker, as illus-
trated as the face perimeter 50 of the package 40. For
example, a conventional package has sidewalls approx-
imately 100 microns (um) thick all the way to the floor,
while those in Figure 8 start atabout 100 wum and become
much thicker towards the floor. As understood in the art,
the thicker sidewall increases the reflection of the pack-
age in a favorable manner and reduces light loss through
the package. The thickness of the wall will be constrained
somewhat by the desired angles of the walls 43, 44, 45,
46 because the floor 42 must still provide sufficient space
for the LED chip 47.

[0071] As noted above, although the package 40 is
substantially rectangular, itis notan exact rectangle. Fur-
thermore, the floor 42 although rectangular in orientation
is similarly not exactly rectangular. The diagonal lines
(unnumbered) between the perimeter face 50 and the
floor 42 are indicative of a curved geometry for portions
of the walls 43, 44, 45, 46.

[0072] Figures 9 through 13 illustrate slightly different
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embodiments based primarily on the size and type of the
chip being included. Stated differently, the package ac-
cording to the invention can be modified in shape to fa-
vorably accommodate different size chips while still main-
taining the favorable relationship geometry between and
among the walls. Also, the larger angle design (e.g. Fig.
13) favors Lambertian emitters such as the EZBRIGHT™
chips available from Cree, Inc. (Durham, NC) while small-
er angles (e.g. Fig. 8) favors non-Lambertian emitters.
[0073] For the sake of comparison, in Figure 9-13 like
elements will carry the same reference numerals as they
doinFigure 8. Thus, Figure 9illustrates a package broad-
ly designated at 51 in which the floor 42 is smaller (both
shorter and more narrow) than the floor in Figure 8 and
therefore suitable for a smaller chip 47, and provides a
larger angle for light extraction, especially between the
end walls 45 and 46.

[0074] Figure 10 shows another package broadly des-
ignated at 52 in which the floor 42 is somewhat longer
than the floor42in Figure 9, but generally the same width.
Figure 11 illustrates the same package 52 as Figure 10,
but with a larger chip 47 in place.

[0075] Figure 12 is another illustration of the package
52 with the largest (longest) chip 47 on the floor 42.
[0076] Figure 13 shows a different embodiment of the
package broadly designated at 53 with the perimeter face
50 being somewhat the same or thinner to allow the floor
to be a desired size while still maintaining the desired
large angles between the walls 43, 44, 45, 46.

[0077] As known to those familiar with the packages
according to the invention, both the face of the package
and the floor are for the most part open prior to having a
chip mounted in them. In order to separate and isolate
the chip wires, each of the packages in Figures 8-13 in-
clude an insulator 54 strip bridging the sidewalls 43, 44.
This aspect of the design is well understood in the art
and need not be described in further detail.

[0078] Figure 15is an exploded perspective and sche-
matic diagram of a display that can incorporate packaged
diodes according to the present invention. As noted ear-
lier, embodiments of the invention are particularly useful
in the sidelooker context. As illustrated in Figure 15, the
diode lamps 60 are oriented to direct light predominantly
into the side of a light guide and diffuser 61. In particular,
when used in a liquid crystal display, the diffuser 61 will
be accompanied by a planar arrangement of liquid crys-
tals schematically illustrated by the rectangle 62 and typ-
ically one or more other elements such as color filters
represented by the rectangle 63 and potentially other
components such as polarizers, a transparent cover
sheet and a frame (not illustrated in the schematic view
of Figure 15).

[0079] In the sidelooker orientation, the longer dimen-
sions of the generally rectangular or high aspect ratio
diode lamps 60 are positioned adjacent the light guide
61 so that the display face 64 of the diffuser 61 is parallel
to the predominant direction in which the diode lamps 60
emit light. The characteristics of the diffuser 61 are such
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thatin addition to spreading the light from the diode lamps
60 throughout the diffuser 61, the diffuser 61 also redi-
rects some of the light (hv) in a perpendicular direction
to illuminate the other elements 62 and 63.

[0080] In the drawings and specification there has
been set forth a preferred embodiment of the invention,
and although specific terms have been employed, they
are used in a generic and descriptive sense only and not
for purposes of limitation, the scope of the invention being
defined in the claims.

Claims
1. A light emitting diode lamp comprising:

a resin package (22, 40) with an aspect ratio
greater than 1:1 that defines a recess (23, 41)
in the shape of a three dimensional solid;

said recess (23, 41) comprising a floor (24, 42)
with an aspect ratio greater than 1:1, side walls
(25, 26,43, 44) along the respective longer sides
of said floor (24, 42), and end walls (27, 30, 45,
46) along the respective shorter sides of said
floor (24, 42); said package (22, 40) defining a
first plane (57) perpendicular to said floor bisect-
ing said package (22, 40) along its long axis and
a second plane (56) perpendicular to said floor
bisecting said package (22, 40) along its narrow
axis; said side walls (25, 26, 43, 44) defining an
angle therebetween and along said second
plane greater than 3°; and

a light emitting diode chip (11, 47) on said floor
(24, 42) of said package; wherein the footprint
of said floor (24,42) coincides with the size of
said light emitting chip (11, 47) so that said foot-
print and the angles of said side walls (25, 26,
43, 44) and said end walls (27, 30, 45, 46) con-
tribute to the alignment of said light emitting di-
ode chip (11, 47) on said floor (24, 42), charac-
terized in that

the light emitting diode chip (11, 47) comprises
Group llI nitride material; and said recess (24, 42)
has a geometry wherein said end walls (27, 30, 45,
46) define an angle therebetween and along said
first plane greater than 40°.

2. Alightemitting diode lamp according to Claim 1 com-
prising curved end walls (27, 30, 45, 46).

3. Alightemitting diode lamp according to Claim 1 com-
prising curved side walls (25, 26, 43, 44).

4. A light emitting diode lamp according to claim 1
wherein said package (22, 40) further comprises
electrical contacts (33, 34) between said floor (24,
42) and atleast one outside surface of said package.
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5. A light emitting diode lamp according to Claim 1

wherein said respective side walls (25, 26, 43, 44)
and end walls (27, 30, 45, 46) are thick enough to
prevent light from said chip (11, 47) from being trans-
mitted through said walls (25, 26, 27, 30, 43, 44, 45,
46) and instead to be reflected from said walls (25,
26, 27, 30, 43, 44, 45, 46).

The light emitting diode lamp according to Claim 1
wherein said resin package (22, 40) defines the re-
cess (23, 41) in the shape of a solid polygon.

A light emitting diode lamp according to Claim 6
wherein:

the active portion of said light emitting diode is
formed from the Group Il nitride material sys-
tem; and

said package (22, 40) further comprises electri-
cal contacts (33, 34) between said floor (24, 42)
and at least one outside surface of said package
(22, 40).

A light emitting diode lamp according to Claim 6
wherein said respective side walls (25, 26, 43, 44)
and end walls (27, 30, 45, 46) are thick enough to
prevent light from said chip (11, 47) from being trans-
mitted through said walls (25, 26, 27, 30, 43, 44, 45,
46) and instead to be reflected from said walls (25,
26, 27, 30, 43, 44, 45, 46).

Patentanspriiche

Leuchtdiodenlampe, umfassend:

einen Harzkorpus (22, 40) mit einem Seitenver-
haltnis groRer als 1:1, der eine Aussparung (23,
41) in Form eines dreidimensionalen Festkor-
pers definiert;

wobei die Aussparung (23,41) einen Boden (24,
42) mit einem Seitenverhaltnis gréRer als 1:1,
Seitenwande (25, 26, 43, 44) entlang den jewei-
ligen Iangeren Seiten des Bodens (24, 42) und
Endwande (27, 30, 45, 46) entlang den jeweili-
gen kirzeren Seiten des Bodens (24, 42) um-
fasst;

wobei der Korpus (22, 40) eine erste Ebene (57)
senkrecht zu dem Boden definiert, die den Kor-
pus (22, 40) entlang seiner langen Achse zwei-
teilt, und eine zweite Ebene (56) senkrecht zu
dem Boden definiert, die den Korpus (22, 40)
entlang seiner schmalen Achse zweiteilt;
wobei die Seitenwande (25, 26, 43, 44) einen
Winkel zwischen sich und entlang der zweiten
Ebene grofer als 3° definieren; und

einen Leuchtdiodenchip (11, 47) aufdem Boden
(24, 42) des Korpus;
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wobei die Grundflache des Bodens (24, 42) mit
der GréRe des Leuchtchips (11, 47) Uberein-
stimmt, so dass die Grundflache und die Winkel
der Seitenwéande (25, 26, 43, 44) und der End-
wande (27, 30, 45, 46) zur Ausrichtung des
Leuchtdiodenchips (11, 47) auf dem Boden (24,
42) beitragen,

dadurch gekennzeichnet, dass

der Leuchtdiodenchip (11, 47) ein Gruppe-llI-
Nitridmaterial umfasst; und

die Aussparung (24, 42) eine Geometrie hat, bei
der die Endwande (27, 30, 45, 46) einen Winkel
zwischen sich und entlang der ersten Ebene
groRer als 40° definieren.

Leuchtdiodenlampe 4 nach Anspruch 1, die ge-
krimmte Endwande (27, 30, 45, 46) umfasst.

Leuchtdiodenlampe nach Anspruch 1, die gekrimm-
te Seitenwéande (25, 26, 43, 44) umfasst.

Leuchtdiodenlampe, nach Anspruch 1, wobei der
Korpus (22, 40) des Weiteren elektrische Kontakte
(33, 34) zwischen dem Boden (24, 42) und mindes-
tens einer AuRenflache des Korpus umfasst.

Leuchtdiodenlampe nach Anspruch 1, wobei die je-
weiligen Seitenwande (25, 26, 43, 44) und Endwan-
de (27, 30, 45, 46) dick genug sind, um zu verhin-
dern, dass Licht von dem Chip (11, 47) durch die
Wande (25, 26, 27, 30, 43, 44, 45, 46) gelassen wird,
und statt dessen von den Wanden (25, 26, 27, 30,
43, 44, 45, 46) reflektiert wird.

Leuchtdiodenlampe nach Anspruch 1, wobei der
Harzkorpus (22, 40) die Aussparung (23, 41) in Form
eines festen Polygons definiert.

Leuchtdiodenlampe nach Anspruch 6, wobei:

der aktive Abschnitt der Leuchtdiode aus dem
Gruppe-lll-Nitridmaterialsystem gebildet wird;
und

der Korpus (22, 40) des Weiteren elektrische
Kontakte (33, 34) zwischen dem Boden (24, 42)
und mindestens einer AulRenflache des Korpus
(22, 40) umfasst.

Leuchtdiodenlampe nach Anspruch 6, wobei die je-
weiligen Seitenwande (25, 26, 43, 44) und Endwan-
de (27, 30, 45, 46) dick genug sind, um zu verhin-
dern, dass Licht von dem Chip (11, 47) durch die
Wande (25, 26, 27, 30, 43, 44, 45, 46) gelassen wird,
und statt dessen von den Wanden (25, 26, 27, 30,
43, 44, 45, 46) reflektiert wird.
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Revendications

1.

Lampe a diode électroluminescente, comprenant :

un boitier en résine (22, 40) ayant un rapport de
forme supérieur a 1:1 qui définit un évidement
(23, 41) ayant la forme d’un solide a trois
dimensions ;

ledit évidement (23, 41) comprenantunfond (24,
42) ayant un rapport de forme supérieur a 1:1,
des parois latérales (25, 26, 43, 44) le long des
grands cotés respectifs dudit fond (24, 42), et
des parois d’extrémité (27, 30, 45, 46) le long
des petits cotés respectifs dudit fond (24, 42) ;
ledit boitier (22, 40) définissant un premier plan
(57) perpendiculaire audit fond bissectant ledit
boitier (22, 40) le long de son grand axe et un
second plan (56) perpendiculaire audit fond bis-
sectant ledit boitier (22, 40) le long de son axe
étroit ;

lesdites parois latérales (25, 26, 43, 44) définis-
sant entre elles et le long dudit second plan un
angle supérieur a 3° ; et

une puce de diode électroluminescente (11, 47)
sur ledit fond (24, 42) dudit bottier ;

dans laquelle 'encombrement dudit fond (24,
42) coincide avec la taille de ladite puce élec-
troluminescente (11, 47), de sorte que ledit en-
combrement et les angles desdites parois laté-
rales (25, 26, 43, 44) et desdites parois d’extré-
mité (27, 30, 45, 46) contribuent a I'alignement
de ladite puce de diode électroluminescente
(11, 47) sur ledit fond (24, 42), caractérisée en
ce que:

la puce a diode électroluminescente (11,
47) comprend un matériau du type nitrure
du groupe Il ; et

ledit évidement (24, 42) a une géométrie
dans laquelle lesdites parois d’extrémité
(27, 30, 45, 46) définissent entre elles et le
long dudit premier plan un angle supérieur
a40°.

Lampe a diode électroluminescente selon la reven-
dication 1, comprenant des parois d’extrémité incur-
vées (27, 30, 45, 46).

Lampe a diode électroluminescente selon la reven-
dication 1, comprenant des parois latérales incur-
vées (25, 26, 43, 44).

Lampe a diode électroluminescente selon la reven-
dication 1, dans laquelle ledit boitier (22, 40) com-
prend en outre des contacts électriques (33, 34) en-
tre ledit fond (24, 42) et au moins une surface exté-
rieure dudit bottier.
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5.

Lampe a diode électroluminescente selon la reven-
dication 1, dans laquelle lesdites parois latérales (25,
26, 43, 44) et parois d’extrémité (27, 30, 45, 46) res-
pectives sont suffisamment épaisses pour empé-
cher la lumiére provenant de ladite puce (11, 47)
d’étre transmise a travers lesdites parois (25, 26, 27,
30, 43, 44, 45, 46) et pour que, au lieu de cela, elle
soit réfléchie a partir desdites parois (25, 26, 27, 30,
43, 44, 45, 46).

Lampe a diode électroluminescente selon la reven-
dication 1, dans laquelle ledit boitier en résine (22,
40) définit 'évidement (23, 41) sous la forme d’un
polygone solide.

Lampe a diode électroluminescente selon la reven-
dication 6, dans laquelle :

la partie active de ladite diode électrolumines-
cente est formée a partir du systeme de maté-
riaux de type nitrures du groupe lll, et

ledit bottier (22, 40) comprend en outre des con-
tacts électriques (33, 34) entre ledit fond (24,
42) et au moins une surface extérieure dudit boi-
tier (22, 40).

Lampe a diode électroluminescente selon la reven-
dication 6, dans laquelle lesdites parois latérales (25,
26, 43, 44) et parois d’extréemité (27, 30, 45, 46) res-
pectives sont suffisamment épaisses pour empé-
cher la lumiére provenant de ladite puce (11, 47)
d’étre transmise a travers lesdites parois (25, 26, 27,
30, 43, 44, 45, 46) et pour que, au lieu de cela, elle
soit réfléchie a partir desdites parois (25, 26, 27, 30,
43, 44, 45, 46).
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